
Introduction
Sound data support bariatric surgery as the gold-standard
treatment for refractory moderate and severe obesity [1, 2].
Roux-en-Y gastric bypass (RYGB) is one of the most effective
techniques for weight loss and the most performed bariatric
surgery in many parts of the world [1, 3]. However, up to one-
third of patients suffer from weight regain in the long term [4],
which is related to comorbid recidivism and diminished quality
of life (QOL) [5].

While surgical revisions and conversions are risky [6], endo-
scopic treatment by reducing the gastrojejunal anastomosis
(transoral outlet reduction) (TORe) size is effective and safer in
the short term [7–11]. Recent studies showed that argon plas-
ma coagulation (APC) alone and APC plus full-thickness sutur-
ing TORe (APC-FTS) are similarly effective for this purpose [7,
8].

Nevertheless, long-term data are scarce. Jirapinyo et al pub-
lished a retrospective study describing clinical outcomes of su-
tured-TORe at 5 years [11]. Three hundred and thirty-one pa-
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ABSTRACT

Background and study aims Significant weight regain af-

fects up to one-third of patients after Roux-en-Y gastric by-

pass (RYGB) and demands treatment. Transoral outlet re-

duction (TORe) with argon plasma coagulation (APC) alone

or APC plus full-thickness suturing TORe (APC-FTS) is effec-

tive in the short term. However, no study has investigated

the course of gastrojejunostomy (GJ) or quality of life

(QOL) data after the first post-procedure year.

Patients and methods Patients eligible for a 36-month

follow-up visit after TORe underwent upper gastrointestinal

endoscopy with measurement of the GJ and answered QOL

questionnaires (RAND-36). The primary aim was to evalu-

ate the long-term outcomes of TORe, including weight

loss, QOL, and GJ anastomosis (GJA) size. Comparisons be-

tween APC and APC-FTS TORe were a secondary aim.

Results Among 39 eligible patients, 29 returned for the 3-

year follow-up visit. There were no significant differences in

demographics between APC and APC-FTS TORe groups. At

3 years, patients from both groups regained all the weight

lost at 12 months, and the GJ diameter was similar to the

pre-procedure assessment. As to QOL, most improvements

seen at 12 months were lost at 3 years, returning to pre-

procedure levels. Only the energy/fatigue domain improve-

ment was kept between the 1- and 3-year visits.

Conclusions Obesity is a chronic relapsing disease. Most

effects of TORe are lost at 3 years, and redilation of the

GJA occurs. Therefore, TORe should be considered iterative

rather than a one-off procedure.
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tients were included at baseline, and the authors reported that
most of the weight lost at 12 months was maintained at 60
months. However, only 102 individuals had 5-year data avail-
able, and about one-third of the sample received additional
weight loss therapies during follow-up. Similarly, Callahan et
al. [12] reported 60-month clinical outcomes from 70 patients
undergoing TORe. Contrary to Jirapinyo et al’s results, this
group reported that, on average, patients regained weight
after the 6-month nadir. Unfortunately, Callahan et al. did not
disclose the use of adjunct weight loss methods or data on the
resolution rates of the gastrogastric fistulas.

To date, no study has investigated the course of the gastro-
jejunostomy after the first post-procedure year. Similarly, there
are no long-term data on QOL or the post-procedure weight
loss journey with a standardized follow-up approach. We aimed
to fill this gap by evaluating 3-year clinical and endoscopic out-
comes after TORe.

Patients and methods
Study design and registry

This single-center study included patients from a previous
open-label randomized controlled trial (RCT) comparing APC
to APC-FTS TORe [7]. The initial RCT was registered in the clini-
caltrials.gov database (NCT03094936), and this extended fol-
low-up study was approved by the University of Sao Paulo Insti-
tutional Review Board (protocol number 5.284.051).

Eligibility criteria

Adult patients with a history of RYGB at least 2 years before-
hand who presented significant weight regain (> 20% of the
lost weight at the nadir) and with a gastrojejunostomy anasto-
mosis (GJA) ≥15mm were eligible for the initial trial. We ex-
cluded patients with coagulopathies, gastrogastric fistulas,
and severe esophagitis. The patients were allocated to APC or
APC-FTS groups in a 1:1 ratio during the initial trial using sealed
opaque envelopes. The procedures took place between Octo-
ber 2017 and July 2018 [7]. After the 12-month follow-up re-
search visit, the patients were followed clinically in our institu-
tion. Individuals returning for the 3-year visit were considered
eligible for the present study.

Procedures

Patients were under general anesthesia for the index procedure
and received prophylactic antibiotics. Per protocol, we exten-
ded the APC ablation 2 cm and 1 cm proximally in the APC and
APC-FTS groups, respectively. We employed the Apollo Over-
stitch device (Apollo Endosurgery, Austin, Texas, United States)
to place sutures in a modified figure-of-8 pattern for the sutur-
ing group. The full description of the technique was published
elsewhere [7]. Technical success was defined as GJA ≤12mm
at the end of the procedure for the APC-FTS group and at the
follow-up endoscopy for the APC group. Patients in the latter
group received additional ablation sessions every 6 weeks until
the stoma size reached 12mm or up to a maximum of three ses-
sions as per previous literature [13]. To avoid interobserver dis-
agreement, the same operator assessed all GJA diameters using

standard foreign body forceps per literature recommendation
[14].

Follow-up regimen

After the intervention, patients were followed clinically per our
institution’ s protocol. In our institution, bariatric surgeons fol-
low patients every 6 months after the first post-procedure year.
However, because our patients received their intervention be-
tween 2017 and 2018, the standard follow-up after 12 months
was hindered by the COVID-19 pandemic. During 2020 and ear-
ly 2021, all non-urgent in-person visits were canceled in our in-
stitution per local regulations, and our patients were not fol-
lowed as usual.

After the COVID-19 pandemic restrictions were partially lif-
ted, patients eligible for a 36-month follow-up visit were con-
tacted via phone and summoned for an in-person visit. Patients
answered QOL questionnaires (RAND-36) and had their body
weight reviewed. Moreover, they underwent an esophagogas-
troduodenoscopy (EGD) with GJA measurement.

Outcomes and aims

Our primary aim was to evaluate the long-term outcomes of
TORe. The primary endpoint was % total weight loss (%TWL) at
3 years, defined as [(follow-up weight – preprocedural weight)
*100/preprocedural weight]. Secondary outcomes included
the diameter of the GJA (mm) and QOL scores assessed with
the RAND-36 questionnaire [15]. As a secondary aim, we plan-
ned a comparison between APC alone and APC-FTS TORe.

Statistical analysis

We ran comparisons within groups between different time
points and groups. Medians and interquartile ranges were re-
ported for continuous variables, and the Mann-Whitney U test
and Wilcoxon signed-rank for paired samples were used for cor-
relations. We reported the numbers and valid percentages for
categorical variables, and the Chi-square and Fisher’s tests
were used to test for correlation according to the expected
counts. The Statistical Package for Social Sciences (SPSS), ver-
sion 28.0 (IBM Corp. Released 2021. IBM SPSS Statistics for Win-
dows, Armonk, New York, United States) was used for data en-
try, management, and analyses. P<0.05 was considered signif-
icant for a 95% CI.

Results
Among 39 eligible patients, 29 returned for the 3-year follow-
up visit (74% follow-up rate). None of them had had in-person
visits between the 12-month and the 3-year visits. Before TORe,
patients had a median age, weight, and body mass index of 42
years old (37–51), 107kg (100–129.4), and 43.1 kg/m2 (36.8–
46.7), respectively. There were no significant differences in de-
mographics between APC and APC-TORe patients. No patient
received additional weight loss treatments other than clinical
follow-up.▶ Table 1 summarizes demographic data for the
whole sample and each group.

At 6 months, the enrolled patients presented a median of
10.8% TWL (6.2–14.2) and 26.0 (15.6–42.2) % estimated
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weight loss (EWL). At 12 months, there was a minor overall
weight gain, with median EWL and TWL of 22.9% (9.0–31.2)
and 8.2% (4.2–12.5), respectively. At 3 years, patients regained
all the weight lost at 12 months, returning approximately to
their pre-procedure weight. There was no difference in out-
comes comparing patients from the APC and APC-FTS groups.

▶Table 2 summarizes weight loss outcomes.
Endoscopic follow-up at 3 years revealed that the median di-

ameter of the GJA was 22mm, 22mm, and 24mm for the whole
sample, APC, and APC-FTS group, respectively. Those values are
similar to pre-procedure ones, suggesting redilation over time.

▶Table 3 summarizes data regarding the diameter of the GJA.

▶Fig. 1 shows the aspect of the GJA for patients from different
groups at baseline, after TORe, and at 3 years.

As to QOL, patients showed improvements in physical func-
tioning, energy/fatigue, emotional well-being, and general
health domains at 12 months compared to baseline (▶Fig. 1).
At 3 years, all improvements except energy/fatigue were lost,
reaching pre-procedure scores. Although the median values

for all domain scores were similar between groups at baseline,
1, and 3 years, APC patients experienced a significant improve-
ment in energy/fatigue at 3 years compared to baseline, while
APC-FTS patients did not. ▶Table 4 summarizes data and com-
parisons concerning the QOL.

Discussion
This is the first study to investigate the natural history of GJA
after TORe in the long term. Also, no study has reported QOL
data after the first post-procedure year. Although there are
non-controlled articles reporting 3- and 5-year outcomes of
TORe, they are mostly restricted to clinical outcomes [16] and
are associated with several confounding variables, such as in-
cluding patients with gastrogastric fistulas [12] or with concur-
rent weight loss methods (pharmacotherapy, additional TORe
sessions, surgery) [11].

In addition, our patients were not followed as they should
have been due to the restrictions posed by the COVID-19 pan-

▶Table 1 Demographic and weight loss data for the included patients.

All patients

N=29

APC

N=15

FTS-APC

N=14

P value

Age1 (yr) 42 (37–51) 42 (37–59) 45 (35.5–50.3) 0.561

Female gender2 n (%) 25 (86.2) 13 (86.7) 12 (85.7) 1.000

Years after surgery1 (yr) 6 (5.0–10.5) 9 (5.0–11.0) 6 (4.8–7.3) 0.158

Height1 (cm) 163 (158–171) 163 (156–165) 166.5 (159.5–173.3) 0.331

Preoperative BMI1 (kg/m2) 49.5 (12.2–58.1) 49.3 (41.4–55.2) 53.4 (45.6–59.0) 0.270

Nadir weight1 (kg) 80 (75–92) 78 (74–86) 85.5 (75–100.3) 0.290

Absolute weight loss from
surgery to nadir1 (kg)

50.5 (36.5–65) 41 (31.9–61) 55.3 (40.0–68.8) 0.201

Nadir BMI1 (kg/m2) 31.1 (28.1–35.5) 30.9 (27.1–34.6) 31.5 (28.5–37.3) 0.621

Preprocedural weight1 (kg) 107 (100–129.4) 105.7 (91.2–131.7) 108.5 (100.4–132) 0.591

Regained weight1 (kg) 22.8 (18.1–33.4) 27 (19.2–37) 21 (13.1–30.3) 0.290

Preprocedural BMI1 (kg/m2) 43.1 (36.8–46.7) 43.4 (35.3–44.9) 40.9 (37.5–49.8) 0.591

Preprocedural endoscopic pouch length1 (cm) 5 (4–6) 5 (4–6) 5 (4–6) 0.983

Preprocedural GJA diameter1 (mm) 20 (18–23.5) 20 (18–22) 20 (18–26.3) 0.561

Obesity-related comorbidities (pre-TORe) n (%)

▪ Hypertension3 11 (37.9) 6 (40.0%) 5 (35.7) 0.812

▪ Non-insulin-dependent diabetes2  3 (10.3) 3 (20.0%) 0 (0) 0.224

▪ Venous disease2  3 (10.3) 2 (13.3) 1 (7.1) 1.000

▪ Osteoarthritis2  4 (13.8) 3 (20.0) 1 (7.1) 0.598

▪ Dyslipidemia2  1 (3.4) 1 (6.7) 0 (0) 1.000

▪ Endocrine comorbidities2  4 (13.8) 2 (13.3) 2 (14.3) 1.000

APC, Argon plasma coagulation; FTS-APC, argon plasma coagulation plus full-thickness endoscopic suturing; BMI, body mass index; TORe: transoral outlet reduction.
1 Mann-Whitney U test.
2 Fisher’s test.
3 Chi-square test.
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demic. On the one hand, this fact probably worsened our pa-
tients’ outcomes and adds to the pandemic as a risk factor for
weight gain [17, 18]. On the other hand, it provides raw, pure
data depicting the natural history of body weight, QOL, and
GJA if no adjunct therapy and an irregular follow-up regimen
are implemented. This is critical and allows for a more precise
understanding of weight regain as a condition and how to ad-
dress it adequately.

Regarding weight loss, we demonstrated that patients re-
gained all their lost weight at 3 years and that APC and APC-
FTS patients presented similar behaviors. Our data contradict
previous literature that shows that part of the weight loss is
kept in the long term [9, 11, 12, 16]. Several factors may explain
such a discrepancy. First, the COVID-19 pandemic affected our
routine follow-up, which is critical to retain weight [19], and has
been proven to increase the risk of weight gain [17, 18]. None of
the previous studies included data collected during the pan-
demic. Another factor is the absence of concurrent therapies.
Our patients did not receive any additional weight loss thera-
pies during follow-up. Previous studies either acknowledge

using adjunct methods [11] or do not mention it at all, meaning
that it was not a controlled variable [9, 12, 16]. Together, those
aspects could explain why our weight loss results are worse
than previously published data.

QOL parameters echoed the weight trends, worsening
throughout follow-up and reaching pre-procedure levels. This
is expected as previous literature demonstrates that weight re-
gain is closely associated with deteriorated QOL [5, 20]. The
APC group, however, retained some of the improvement in the
energy/fatigue scores and drove the whole-sample improve-
ment compared to the baseline. It is unclear why there was
such a distinction between groups, considering the similar
weight loss at 3 years. We speculate that the minor difference
in %EWL and %TWL at 3 years was insufficient to reach statisti-
cal difference due to the small sample size (type 2 error). None-
theless, it was enough to translate into a benefit concerning the
QOL. This fact demonstrates how the self-perception of weight
amplifies and reflects on other aspects of patients’ lives. Ulti-
mately, our results create another piece of evidence to tighten
the link between QOL and weight loss.

▶Table 2 Weight loss outcomes and comparisons between groups.

All patients

N=29

APC

N=15

APC-FTS

N=14

P value

(APC vs. APC-FTS)

6-month

▪ %EWL1 26.0 (15.6–42.2) 31.4 (18.7–44.0) 19.5 (9.3–34.0) 0.191

▪ %TWL1 10.8 (6.2–14.2) 13.1 (8.4–14.3) 8.4 (3.6–14.2) 0.228

▪ BMI reduction1  4.0 (2.4–6.1) 5.2 (3.3–6.1) 3.3 (1.5–6.2) 0.209

12-month

▪ %EWL1 22.9 (9.0–31.2) 24.3 (12.6–32.4) 13.8 (2.0–32.3) 0.256

▪ %TWL1  8.2 (4.2–12.5) 8.3 (6.2–13.0) 5.5 (0.9 –10.9) 0.206

▪ BMI reduction1  3.1 (1.9–4.8) 3.6 (2.7–4.8) 2.1 (0.4–4.5) 0.206

3-year

▪ %EWL1 –3.4 (–10.1–15.4) 2.5 (–8.7–15.4) –6.3 (–19.7–13.4) 0.206

▪ %TWL1 –4.4 (–4.3–3.9) 0.7 (–2.5–6.7) –2.3 (–8.4–2.7) 0.176

▪ BMI reduction1 –0.6 (–2.0–1.5) 0.2 (–1.2–2.9) –1.0 (–3.7–0.9) 0.222

APC, Argon plasma coagulation; FTS-APC, argon plasma coagulation plus
full-thickness endoscopic suturing; EWL, excess weight loss; TWL, total weight loss;
BMI, body mass index.
1 Mann-Whitney U test.

▶Table 3 Diameter of the gastrojejunal anastomosis.

All patients

N=29

APC

N=15

FTS-APC

N=14

P value

Endoscopic anastomosis diameter at baseline 20 (18–25) 20 (18–25) 20 (18–26.3) 0.876

Endoscopic anastomosis diameter at 3 years 22 (18–25) 22 (18–25) 24 (19.5–30) 0.242

Delta  2 (–2–5)  0 (–6–4)  2.5 (0–7) 0.136

APC, Argon plasma coagulation; FTS-APC, argon plasma coagulation plus full-thickness endoscopic suturing.
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Along with body weight and QOL, the mean diameter of the
GJA also returned to the baseline value. These data are unique
and prove that redilation after TORe occurs over time. Current-
ly, TORe as a procedure relies on the assumption that dilation
may occur after surgery and that patients lose pouch retention
and prolonged satiety. However, no study has investigated the
natural history of GJA diameter over time after surgery. The as-
sumption was based on a combination of two different factors.
First, most surgeons calibrate the stoma size using standard-
ized Fouchet bougies or circular staplers [21, 22]. Therefore,
patients are discharged from surgery with small and standard-
ized GJAs. Second, patients present with diverse stoma sizes,
and larger ones are associated with higher rates of weight re-
gain in the long term [23, 24]. Still, no currently available study
has a longitudinal design. Our results prove that dilation occurr-
ed from TORe to follow-up and indirectly support that it may
also happen from surgery to TORe. This information supports
the previous assumption, making it more tangible.

Aside from the physiology and natural history perspective,
redilation of the GJA precipitates another discussion concern-
ing the current follow-up strategy. Most centers implement a
multidisciplinary approach to address weight regain and to as-
sist patients in maintaining their weight loss [14, 25]. However,
neither a standardized endoscopic follow-up nor well-defined
criteria currently exist to indicate reTORe. Considering our re-
sults, it seems reasonable to include a routine endoscopic fol-

low-up with measurements of GJA diameter. Additional TORe
could be indicated considering clinical (weight regain) and
endoscopic (redilation) features, aiming to sustain weight loss
and improve metabolic and QOL in the long term. Ultimately,
TORe should be considered iterative rather than a one-off pro-
cedure.

Our study was not free from limitations. First, our sample
size was small and highly specific. We acknowledge this limita-
tion and that further larger studies are still needed. Second, we
do not have data for the time period from immediately post-
procedure to the 3-year assessments. Thus, we cannot deter-
mine when exactly redilation occurs or when it reaches a critical
or a turning point. Additional studies could address this limita-
tion by including yearly endoscopic follow-up and correlating it
with weight loss. Still, our results helped by proving that this in-
terval is undoubtedly shorter than 3 years. Finally, the COVID
pandemic could also have directly affected QOL, adding to
weight regain as a QOL-deteriorating factor.

Conclusions
In conclusion, obesity is a chronic, relapsing disease. As such,
most effects of TORe are lost at 3 years, and redilation of the
GJA occurs. Except for a slight improvement in energy/fatigue,
there was no difference between APC and APC-TORe. Our data

▶ Fig. 1 Endoscopic aspect of the gastrojejunal anastomosis. a Pre-procedure aspect of an APC group patient. b Follow-up endoscopy at 6
weeks. c Follow-up endoscopy at 3 years. d Pre-procedure aspect of an APC-FTS group patient. e Immediate postprocedure aspect of the GJA.
f Follow-up endoscopy at 3 years.
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▶Table 4 RAND-36 scores for quality of life for the whole sample and according to the allocation groups.

All patients APC APC-FTS P value for

N=29 N=15 N=14 APC vs. APC-FTS

A. Physical functioning

▪ Baseline 50 (27.5–75) 40 (30–65) 57.5 (25–77.5) 0.370

▪ 1-year follow-up 75 (45–90) 75 (45–90) 72.5 (42.5–100) 0.871

▪ 3-year follow-up 50 (26.3–70) 55 (25–70) 45 (27.5–72.5) 0.991

▪ P value for baseline vs. 1 year1 < 0.001 0.003 0.034

▪ P value for baseline vs. 3 years1 0.900 0.457 0.447

▪ P value for 1 year vs. 3 years1 0.002 0.032 0.070

B. Role limitations due to physical health

▪ Baseline 50 (0–87.5) 0 (0–75) 75 (25–100) 0.152

▪ 1-year follow-up 75 (37.5–100) 50 (25–100) 75 (37.5–100) 0.560

▪ 3-year follow-up 50 (26.3–70) 50 (0–100) 25 (0–100) 0.800

▪ P value for baseline vs. 1 year1 0.099 0.078 0.617

▪ P value for baseline vs. 3 years1 0.926 0.453 0.373

▪ P value for 1 year vs. 3 years1 0.124 0.406 0.281

C. Role limitations due to emotional problems

▪ Baseline 33.3 (0–100) 33.3 (0–100) 50 (0–100) 0.829

▪ 1-year follow-up 66.7 (0–100) 33.3 (0–100) 66.7 (0–100) 0.603

▪ 3-year follow-up 16.7 (0–66.7) 33.3 (0–66.7) 0 (0–83.3) 0.990

▪ P value for baseline vs. 1 year1 0.875 1.000 0.844

▪ P value for baseline vs. 3 years1 0.089 0.328 0.250

▪ P value for 1 year vs. 3 years1 0.092 0.305 0.281

D. Energy/fatigue

▪ Baseline 35 (25–60) 35 (20–40) 47.5 (28.8–66.3) 0.108

▪ 1-year follow-up 50 (40–67.5) 45 (40–50) 65 (45–81.3) 0.021

▪ 3-year follow-up 47.5 (35–58.8) 45 (30–50) 50 (37.5–67.5) 0.080

▪ P value for baseline vs. 1 year1 < 0.001 0.20 0.012

▪ P value for baseline vs. 3 years1 0.004 0.011 0.103

▪ P value for 1 year vs. 3 years1 0.240 0.433 0.419

E. Emotional well-being

▪ Baseline 56 (40–78) 52 (35–64) 62 (47–88) 0.154

▪ 1-year follow-up 72 (42–83.3) 72 (40–80) 76 (47–87) 0.523

▪ 3-year follow-up 56 (44–74 56 (36–76) 56 (44–68) 0.901

▪ P value for baseline vs. 1 year1 0.024 0.006 0.625

▪ P value for baseline vs. 3 years1 0.762 0.100 0.530

▪ P value for 1 year vs. 3 years1 0.026 0.083 0.129

F. Social functioning

▪ Baseline 62.5 (37.5–87.5) 50 (37.5–75) 87.5 (40.6–100) 0.072

▪ 1-year follow-up 75 (37.5–87.5) 75 (25–87.5) 75 (46.9–90.6) 0.886
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suggest that TORe should be considered an iterative rather
than one-off procedure.
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